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Distributed Energy Resources Customer Adoption Model
(DER-CAM)

* is a deterministic and stochastic Mixed Integer Linear Program (MILP), written in
the General Algebraic Modeling System (GAMS®)

« started as a building CHP optimization tool 13 years ago
» supported by the U.S. DOE, OE, DoD, CEC, private industry

« two main objective functions:
* CcOst minimization
+ CO, minimization
 other objectives are possible, as well as multi-objective subject to
microgrid/building constraints and energy balance

» produces optimal investment and dispatch results for biogas/diesel/natural gas
CHP, fuel cells, ICE, micro-turbines, gas-turbines; PV, solar thermal, hot and
cold water storage, batteries, heat pumps, absorption chiller, EV, passive
measures (insulation, window changes, etc..)
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Inputs:

Building end-use
load data

Electricity & gas

tariff data l

DER technology
data

DER-CAM

Objectives:

Site weather
data

Minimize total
cost

0O

Minimize CO,
emissions

Outputs:

Optimal DER

@ capacities

@ Optimal DER
operations schedule

e Investment & Planning: determines optimal equipment combination and operation
based on historic load data, weather, and tariffs - Microgrid Design Tool

e Operations: determines optimal week-ahead scheduling for installed equipment

and forecasted loads, weather and tariffs=> Controller
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DER-CAM Users
« DER-CAM has been proven by journal papers, reports, and field test (200 hits on

Google)

« DER-CAM has been used as microgrid design tool by private entities outside of
LBNL

« 700 worldwide users (11% in China, one DER-CAM version has a Chinese
interface)

Web DER-CAM Users (WebOpt) by Region Web DER-CAM users (WebOpt) by Business Type
(43 Different Countries Total)

Professional
Societies
1%

South America
2%

Australia

1% Industry (Utilities,

Banks,
Manufacturers)
10%

State Agencies,
Military, Research
Labs
10%

Canada
2%
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Our Partners and DER-CAM Licensees
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Application

Distributed Energy Systems Integration and
Demand Optimization for Autonomous
Operations and Electric Grid Transactions
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What is OpenADR?

« OpenADR is standardized communication data model for sending and
receiving DR signals from a utility or independent system operator to
electric customers

. | Utility or IS0 "

* provides non-proprletary, h" > Ame:;g?isoen
open standardized DR m J API Server
Interface Specatons Illso;;rl\:lt‘lor

« allows electricity providers to e
communicate DR signals to // - .
customers ( site -]| Loads

« uses common XML language | S,te
and existing communications v () ‘_* N o
such as Internet e \oJ &

API | = Standardized Application Programming Interface
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Existing Grid Transaction Operation Scenario, and New Dynamic Operation
Scheme for Distributed Energy Resources (DER) as Storage, Combined heat
and Power, etc.

Elecln'cityl Senvice | __,] DR Setiement Electricity Service [ __ | DR Settlement
Provider (Post Event) Provider (Post Event)
A
G“d RECIUESt Gl‘ld Requests
.............................. V
| DR Estimation Customer
Customer » (1iyear) ‘
A
! DER-CAM: e
Load DER ANALYTICS | PLANNING | OPERATIONS
Load
old New
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CIosed-Loop/ModeI in the Loop Interactions between a DR Service Provider
and a DER-CAM-Enabled Customer
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(70 openADR

DR shedding Potential from DRQAT to DER-CAM

Tp Cate: W, . ...,T:,wm
Weather Data - H:
Building and e s P
e e CoE AN .
HVAC > — — DER-CAM
e A : b a:;
DR Control it
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OpenADR Communication Architecture and DER-CAM Integration
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OpenADR VTN < - === - OpenADR VEN DER-CAM
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Test Case for a Big Campus in California

peak electrical load of 2.4 MW
2 MW of PV

1 MWh of Li-ion battery (2 units of 500 kWh / 625 kW)
several backup diesel generators, adding up to 4 MW

Real Time Pricing Program (RTP)

(VO openADR

DR service provider (utility) uploads the RTP hourly prices for the next day to
the OpenADR server, RTP prices are determined by supply and demand

In our case RTP prices depend on temperature (HVAC)
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Results with Daily Energy Cost Limit for Site: 1.5 x Baseline Costs

14000
12000
10000
8000
6000
4000
2000
’ Hot | Y lBcHot! Hot | Y BxHot| hHot | Y | Ex Hot
Hot ) Hot ) Hot )
Batt. Cap. 1000 kWh Batt. Cap. 2000 kWh Batt. Cap. 5000 kWh
m Total Daily Electricity Purchase (kWh) | 13300 | 12100 | 9480 | 13000 | 12400 | 9200 | 12400 | 12352 | 10600
M Elec. Purchase b/w 2 and 6 pm (kWh) | 3137 1210 903 2858 959 154 2140 460 0
M Load Reduction (kWh) 0 1260 3840 0 763 3840 0 0 1710
m RTP Energy Cost (USD) 2950 4430 6670 2750 4130 4510 2280 3420 3420
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Results with Daily Energy Cost Limit for Site: 1.5 x Baseline Costs, 5MWh Battery
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Backup Slides

Investment and Planning DER-CAM
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Enter your credentials

Username

Password

L = 08N |

Please use a HTML5-compliant Web Browser as
- Internet Explorer 9.0, 10.0
- Firefox 17+
- Chrome 22+
- Safari 6.0.1+
-i0S 511+
- Android 2.3, 4.0+

Advanced user login allows access to customized versions

Full DER-CAM Web Optimizati...

€

License Agreement

'4.-4-4.-4.-

I. License Grant. Bekeley Lab grants you, and you hereby accept, a non-exchisive, non-transferable, royalty-free

petual icense to use the Distributed Energy Resources Customer Adoption Model - DERCAM (the “Software™,
subject o the following terms and conditions:

() You may not reverse enginees, disassemble, decompile, or othemwise attempt to desive the source code of the
Software. Youmay aot modify, alter, or vreate desivative works of the Software in any manmer,

(B) You agree ot to extract information from the microgrids? lbl.gev server and its directories and databases, distribute
oz provide others with yor personal user account data, of any infermation available on, derived or exiracted from the
ricrogrds2 bl gov directorias and databases or any part thereof Vou also agres not to store any non DER-CAM
related data and files on the microgrids2 fol gov server and its directories and databases, and

() You may not rent, lease, loan, sublicense, distribute or transfer the Software to any third party, not use it for
commervial time-shating oz service bureau use

2. Copyright; Retention of Righis. () you hersby acknowledge that the Software is protected by United States
copysight law and intemational treaty provisions, (i) Berkeley Lab, and ils licensors (if any), hereby reserve all rights,
title and intezest in and to the Software which are not explivitly granted to you herein, and () without limiting the
generality of the foregoing, Derkeley Lab and its licensors (if any) tetain all title, copyright, and other propristary
interests in the Software and any copies thereof, and you do not acquire any rights, express or implied, in the Software,

other than those specifically set forth in this Agreemen.

3. MNo Maintenance or Support. Betkeley Lab shall be under no obligation whatsosver to: () provide maintenance or
suppart for the Soflware, or (i) to notify you of bug fies, patches, or updates (collectively, “Update™) to the Software (if
an). £ in its sole discretion, Betkeley Lab makes an Update available to you and Berkeley Lab doss not separately

erter into a written license agreement with you relating to such Update, then it shall be desmed incorporated into the
—-— e = .

Deny Accept [ advanced user Login
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Full DER-CAM Web Optimiz
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b_Optimization

Full DER-CAM Web Optimization Service
FILE VIEW  HELP DER_CAM

oumncoes BB e | e New Project

Start

New Project.. 1

Open Project... | I I = e e e e e e e s

m‘ Optimal Planning and ;

- Operations
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electricity
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i ! £CISION SUPPORT
roughly 30 min every Saturday at 10:00 heslod : cooling DE R-CAM:‘:;: “f\‘ t‘ o e &
PM California time. S __,|ANALYTICS | PLANNING | OPERATIO ¢ || search wB & & O-@A =
o plo e"‘:":‘g‘y Full DER-CAM Web Optimization Service
! cooling FILE VEW HELP DER-CAM
- : o | igTn :
Version History : Somenind e Benon o e e e
e | R g g T e i
-vL4.Q ' engines.
. ! DER-CAM Versiorll DER-CAM Version 4413 -
o New Features: : Distributed Energy Resources ereiel gaen Electritylinly | Coniing | Refigsrstion | SpacsHesting | WatsiHssting | NaturslgasDry
: L |
¥ Embedded result charts, : Use DER-CAM Databases 250 peak
including investment R S S e e S s Ao S s Load Data i Information on load data ]
summary and dispatch 1 200 =
profiles. Country: - I 1/ -
£ 180
* BugFixes: State: : - I E 1 / \
Ci San Francisea - s 100 3 weskend
¥ Minor display issues. ~ & I — I = [” A
Ready Al Building: 1 LargeDffice -1 ) i/
ou Load Frofle; | Kew Constiuchion s =l | N &.
;"j\j Multiplier Jrnual electicity demand X 1.0 Gk : 0 2 4 6 8 10 12 14 16 1B 20 2 4
hours
Ronual naturalgas demand X 10 Gwh O week
————— -
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Y |

vE 4 A M=

/‘f Full DER-CAM Web Optimizati... .‘\\ +
€ O an crog Ibl.gov.
DemoCase

FILE  VIEW  HELP  SETTINGS
F=A O o

ENERGY MANAGEMENT AND RESILIEN
Define Demand Response Features, critical
loads and outage events.

TECHNOLOGIES
Specify energy technology parameters

such as efficiency, costs.

UTILITY
Define electric and natural gas tariffs.
Specify utility CO2 emissions.

DemaoCase

DER-CAM

ANALYTICS | PLANNING OPERATIONS

GLOBAL SETTINGS

Define the investment and planning parameters:
payback period, interest rate, technologies to be
considered...

SITE WEATHER SETTINGS
Define the parameters
location of your syster

solar radiation, wind speed...

LOAD PROFILES
Define the energy demand of the system:
Electric, heating, cooling loads.
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€& U a https://microgrids2.Ibl.gov/Full_DER-CAM_Web_Optimization_Service & Search f:? B8 ¥+ # @' ﬂ

DemoCase

FILE  AIEWY  HELP

SETTIMGS

DER-CAM
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arpand Ratas

caincident noncaincident onpeak midpeak

Monthly Demand Rates - Help

971 i 024
Februany 971 i 024 unit: [5/kw]
March 971 i 0.24

Morthly demand rates apply tothe maximum monthly utility dermand observed
within a specific control period.

1
2

3

4 April 17 0 024
5 May 16.04 971 333
B 16.04 971 333
7 16.04 4971 333
a 16.04 4971 333
16.04 a7 333
16.04 471 333
471 1] 024

471 024

These control periods include peak, mid-peak, and off-peak hours, as well as
the entire month (non-coincident) and the utility system peak hour
(coincident).

Jure

July

August

9 September
10 Dctober

All power demand costs are additive, and allow the definition of complex tariff
structures,

Maonthly Demand Ratef

Coincident Hour

11 Movember

ololo ool o ololalala

Power demand charges are often a strong driver for the optimization process,

Drecember
I leading to a flattened utility demand profile that minimizes power demand

B Fuel R

Fuel Price I costs,
o —————————— -

3

Ready.

standard window structure: 1: Table navigation ; 2: Data input ; 3: Help

DECENTRALIZED ENERGY SYSTEMS
ANALYTICS | PLANNING | OPERATIONS

Model Overview:
Closer Look at the
Utility Sub-Menu
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Building a Model: Reference Case vs. Investment Case

DER-CAM finds the optimal investment solution that satisfies several groups of constrains:
* energy balance (electric, heating, cooling, etc.)

* physical (rated capacity, conversion efficiency, available roof space, etc.)

* economic (discount rate, maximum payback period)

in order to satisfy the economic constrains, a reference cost must be obtained and the
reference cost can be estimated by running DER-CAM with the existing infrastructure

:I {E} Forced Investment Parameters

F1 Forcedinvest I ForcedinvestCapacity Ewizting

ElectricStorage
HeatStorage
ColdStorage

FlonwB atterE nergy
Flonb atterPover

AbzChiller

W

SolarThermal

w0 - m M = LD =

EWs1

AirSourceHeatPump

0
1
1
1
1
1
AbsRefrigeration 1
0
1
1
1
1

GroundSourceHeatPurp

1000

DDD—‘-DDDDDDI

r
|
|
|
|
|
5
|
|
1

— Full DER-CAM Web Optimi... * ==

(‘ W & hitps://microgrids2.Ibl.gov/Full_DER-CAM_Web_Optimization_Service/

DemaoCase
FILE  WIEMY  HELP  SETTIMGE
= Parameters

B Global Settings

Options Table
Parameters Table
Mumber of Days

Continuous|nvest
DFChilllvest
4 windlnvest

et
Sales
PS5 ales
Mettdetering
InvestmentConst

StandbyOpt

WaryPrice 2 1
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Building a Model: Reference Case vs. Investment Case

the total annual energy costs obtained in the reference case will then be used in the
investment scenarios to allow estimating savings and return period of new investments

= Full DER-CAM Web Optimi... * —+ Full DER-CAM Web Optimi... *

) ) € © @ https://microgrids2.Ibl.gow/Full_DER-CAM_Web_Optimization_Service/
€ © @ hitps//microgrids2.|bl.gov/Full_DER; ==

DermoCase

FILE  WIEW  HELP SETi'NTaQ"‘
OFmH © op=
W Results - DemoCase g

F1 F2
108 £.3 Detailed Load

DEmDCaSE F-------

FILE  WIEW IHELF' SETTIMGS |

ormA 8 Ho= !
g [ 1 o f
= Parametprs m‘;} Opti

B Global Settings

. 107
Cptions Table - -
108 Surnmary r
Parameters Table = |
[ 1039
| ays
Number of b = 110 Total Annual Energy Costs [incl. annualized capital costs and electnicity sales).. | 234844

111 Total Annual CO2 emiszions [kag) 730639

the results obtained in any run are stored on the server and can be sent via e-mail
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Building a Model: Investment Case
after updating the reference costs and CO2 emissions, an investment case can be performed

DemoCase

FLE VW HELP  SETTINGS
OFmf Q oo=

= e

Parameters Table

Murnber of Days

D i Parameters Table

bl o i iy [ s o

F1 F2
IniRate
Standby
Cantrct
turrear
CO2Tax

BazeCazeCost
BaseCazeCO2 735639
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— Full DER-CAM Web Optimi... \+

€)0) @ nmy

microgrids2.Ibl.gov/Full_DER-CAM_Web_Optimization_Service

DermoCase

[FLE| vIEw HELP  SETTINGS
O FEA O oo=

Dizcretelnvest
Continvous] nvest
DFChilllrwest

I = e

Switchlrvest

Mumber of

Sales

PS5 ales

Hebbrbe 112
. ———— - ——— - - Lifetirne
1 Photowvolkaic [kiw'... | 186 jze of Photovalt... [1217 a0
TR T T ———— -'S!ze of Solar The... |0 15
“wind power K] |0 Installed Capacity... | 0 10
++++++ 1.2 Ener.
- ———— - ————— - ifetime
1 Stationary Battery... | 98 d
o Do Do T = = = = =
Flaws Battery Pow... |0 10
E% &ggregated B... |0 1 |deal fleet size [c... |0
Heat Storage ca.. |0 17
Cooling Storage ... |0 17
et T3 HYA [%
bbbt 1320
Lifetime
Air Source Heat .. |0 1o
b | o s e o ———
The project has been saved 00:00:48 ]
|
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DER-CAM

ANALYTICS

MNOTE: Please enable MACROS in this workbook in order to process the DER-CAM result file
The macros will not work for Mac users: please use the Detailed Results tab and create your own graphs

PLANNING |

Total Annual Energy Costs (kS)

OPERATIONS

rererererer

otal Annual CO2 emissions (metric tong

Reference 23485 | Reference 7356
Investment scenario (incl. an 217.7 |Investment scenario (incl. an 547.3
Tatal Savings (%] | 7.3% | [ Savings (%) [ 26%

OPEX Savings (%) [ 26.9% |

BERKELEY LAaB

A\
1l

4/13/2015

1metric ton=1.10 tons (US)

balance (kWh)

m Total annual electricity purchase (Kwh)

(kwh)

(kwh)

Total annual electricity

m Total annual on-site generation from conventional DG

Total annual on-site generation from renewables

Installed generation
technologies (kW)

Photovoltaic (kw), peak power under test
conditions

Installed storage
technologies (kWh)

m Stationary Battery Capacity (kwh)

Onsite technology
investments (k$)

29.74112

606.1

Photovoltaic  m Stationary Battery

Annualized Energy Costs (k$)

Reference Details

Optimized

Sales

M Total annualized energy costs in the investment scenario
OPEX

® Annualized investment costs

u Reference
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Building a Model: Results

Yearly investments and operational costs (k$)

700

500

300

200

1

Yearl Year 2 Year 3 Year 4 Year 3 Year 6 Year 7 Year & Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20
W nvestments ®OPEX

July v week -

Details for Electricity (July-week)

Utility Purchase

'V for self consumption

tate of Charge of the Stationary Batteries
lectricity Provided by the Stationary Battery
Total Original Electric Load

N Electricity Provided by the Stationary Battery

e pY for self consumption

[ Utility Purchase

= = Total Original Electric Load

------- State of Charge of the Stationary Batteries

Hours




